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1
ADHESIVE-COATED DOWEL

FIELD OF THE INVENTION

The present invention broadly relates to a dowel coated
with a heat-activated, B-staged formaldehyde-based resin
and to a related method of using the resin-coated dowel for
joining separate components together.

BACKGROUND OF THE INVENTION

In manufacturing cabinets, shelving, scaffolding, furni-
ture, and other articles from wood or wood-like materials,
adjoining components or pieces of wood are often secured
together with dowels and often an adhesive, such as wood-
working glue. Conventionally, dowels have been made of
wood, but metal and plastic dowels also are known.

In common use, openings or dowel receiving cavities (i.e.,
the female member) are formed in each of the respective
components, e.g. pieces of wood or wood-like material,
which are to be joined together. When the pieces of wood or
wood-like material are assembled, an adhesive is often
injected into the opening, or dowel receiving cavity (female
member). The dowel (i.e., the male member) is then inserted
into the cavity and can be held in place by a friction fit and/or
the adhesive. For related technology, please see U.S. Pat. Nos.
6,267,527 and 6,871,681.

Forming a secure dowel joint generally requires among
other things, a tight press fit between the dowel (male mem-
ber) and the sidewalls of the dowel receiving cavity (a com-
plimentarily configured female member or dowel hole) for
strong frictional or mechanical bonding, together with a sub-
stantially evenly distributed layer of adhesive between the
dowel and the sidewalls of the hole for strong chemical bond-
ing.

One of the problems associated with this technique is
adequately obtaining a uniform layer of adhesive along the
length of the dowel. The tight frictional contact between the
sidewalls of the hole and the outer surface of the dowel often
interferes with the attempt to form an evenly distributed adhe-
sive layer. Indeed, after the dowel has been inserted, there
frequently is an unsightly build up of an adhesive residue
around the outer lip of the hole which must in some instances,
for example in the manufacture of quality furniture, be
removed.

In one prior art approach a liquid resorcinol-formaldehyde
resin along with an optional hardener were placed into the
dowel receiving cavity followed by insertion of the dowel.
Again, this approach often resulted in an uneven distribution
of the adhesive between the surfaces of the dowel and the
dowel receiving cavity and thus a reduced strength of bonding
and also in the expression of excess adhesive from the dowel
receiving cavity. Depending on the application (e.g., in the
manufacture of fine furniture, or in applications where the
surface of the component may come in contact with foods),
the expression of the resorcinol-formaldehyde resin adhesive
from the dowel receiving cavity may be particularly problem-
atic.

To avoid this problem, it has been suggested (see U.S. Pat.
No. 5,338,569-Hatch) to use pre-glued dowels, i.e., dowels
that have been coated with a water soluble adhesive or glue. In
this approach, water can be applied to the dowel cavity (fe-
male member) and the dowel itself also can be pre-moistened
to activate (re-solubilize) the glue as the dowel is inserted into
the cavity.
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In U.S. Patent Application Publication 2008/0115699 an
all wood pallet design is described that employs wooden
dowels for its assembly.

The present invention focuses on an improved adhesive-
coated dowel and a method of using the dowel that facilitates
the connection of separate components effectively and effi-
ciently. The adhesive-coated dowel and related method has
particular utility in connection with the all wood pallet design
of U.S. Patent Application Publication 2008/0115699, the
entire disclosure of which is incorporated herein by reference.

SUMMARY OF THE INVENTION

In one embodiment, the present invention provides an
adhesive coated dowel having an outer surface and first and
second ends wherein the outer surface of the dowel is coated
with a B-staged formaldehyde-based resin, such as a B-staged
phenol-formaldehyde resin.

In another embodiment, the present invention relates to a
method for connecting a dowel to a component part compris-
ing the steps of:

(A) providing a dowel having an outer surface and first and
second ends, the dowel having a coating of a B-staged
formaldehyde-based resin on the outer surface;

(B) providing a component having an opening configured
to receive the first end of the dowel so that a surface of
the opening contacts a portion of the coated outer surface
of the dowel,

(C) introducing steam into the opening of the component to
heat and dampen the surface of the opening;

(D) inserting the first end of the dowel into the heated and
dampened opening in the component to initiate curing of
the B-staged formaldehyde-based resin and cause the
resin to harden and form an adhesive bond between the
surface of the opening and the portion ofthe coated outer
surface of the dowel.

In another embodiment, the present invention relates to a
method for connecting component parts together with an
adhesive coated dowel comprising the steps of:

(A) providing a dowel having an outer surface and first and
second ends, the dowel having a coating of a B-staged
formaldehyde-based resin on the outer surface;

(B) providing a first component part having a first opening
configured to receive the first end of the dowel so that a
surface of the first opening contacts a first portion of the
coated outer surface of the dowel;

(C) providing a second component part having a second
opening configured to receive the second end of the
dowel so that a surface of the second opening contacts a
second portion of the coated outer surface of the dowel;

(D) introducing steam into the first opening of the first
component part to heat and dampen the surface of the
first opening;

(E) introducing steam into the second opening of the sec-
ond component part to heat and dampen the surface of
the second opening;

(F) inserting the first end of the dowel into the heated and
dampened first opening in the first component part to
initiate curing of the B-staged formaldehyde-based resin
and cause the resin to harden and form an adhesive bond
between the surface of the first opening and the first
portion of the coated outer surface of the dowel; and

(G) inserting the second end of the dowel into the heated
and dampened second opening in the second component
part to initiate curing of the B-staged formaldehyde-
based resin and cause the resin to harden and form an
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adhesive bond between the surface of the second open-
ing and the second portion of the coated outer surface of
the dowel.

These and other embodiments are set forth in the following
description. Still other embodiments will be apparent to those
of ordinary skill in the art after consideration of the specifi-
cation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cross section taken length-wise of a
dowel with its outer surface coated with a B-staged formal-
dehyde-based resin, such as a B-staged phenol-formaldehyde
resin.

FIG. 2 illustrates a cross section taken width-wise illustrat-
ing an alternative embodiment of a dowel with its outer sur-
face coated with a B-staged formaldehyde-based resin, such
as a B-staged phenol-formaldehyde resin.

FIG. 3 presents data obtained upon evaluating the bonding
strengths of a various methods of connecting a dowel to a
component part.

FIG. 4 is an exploded perspective view of joining two
component parts together in accordance with the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to an adhesive coated dowel
and the method of using the adhesive coated dowel for joining
separate components together.

The present invention particularly relates to an adhesive
coated dowel having an outer surface and first and second
ends wherein the outer surface of the dowel is coated with a
B-staged (i.e., dried and partially cured) formaldehyde-based
resin, such as a B-staged phenol-formaldehyde resin.

The present invention also relates to a method of employ-
ing steam in connection with the use of the adhesive coated
dowel to join separate component parts together.

Dowels are one of the most common connectors for assem-
bling furniture and other articles made from wood or wood-
like materials, such as the all wood pallet of U.S. Patent
Application Publication 2008/0115699, the entire disclosure
of which is incorporated herein by reference.

The present invention is not limited to any specific dowel
design. The prior art is replete with a variety of dowel con-
figurations, including various cross-sections, tapered designs
and surface contours (e.g., circumferential grooves), any of
which can be treated, in accordance with the present inven-
tion, with an aqueous, thermosetting formaldehyde-based
resin suitable for B-staging and then heated sufficiently to
form a substantially uniform coating of a B-staged formalde-
hyde-based resin on the external/outer surface of the dowel.

The term “thermosetting formaldehyde-based resin” as
used herein refers to resins which irreversibly solidify or “set”
when fully cured, such that the fully cured resin cannot be
post-formed. Before being fully cured, suitable thermosetting
resins typically experience an increase in the viscosity of the
resin (i.e., thicken) such that the resin can be transformed
from a liquid to a non-dripping, dried form. The resulting
dried, but not fully cured form of'the resin is typically referred
to as a “B-staged resin.” The terms “partially cure,” “partially
cured,” “not fully cured” and “B-staged” thus refer to incom-
pletely curing the resin by initiating polymerization and sub-
sequently arresting the polymerization (such as by removing
the heat source) before the curable thermosetting resin is fully
cured.

10

15

25

35

40

45

50

4

Usually, a dowel is symmetrical about its axial midpoint,
but need not be. Further, a dowel often is provided with one or
more circumferentially-spaced, longitudinally extending
grooves or some other type of profiling on the outside of the
dowel to facilitate insertion into the dowel receiving cavity
and forming a secure bond with each of the component parts
being joined. A typical dowel has a longest dimension of
between approximately %2 inch and 3 inches, but longer or
shorter lengths are possible.

While dowels of the present invention will usually be fab-
ricated from wood; in the broader aspects of the invention, the
dowel may be fabricated from any number of materials,
including metal and plastic. The material for the dowel will
usually be selected based on its desired shear and tensile
strength characteristics along with cost considerations.

The dowel is typically inserted into a cylindrical bore, also
known as a dowel receiving cavity, a complimentarily con-
figured female member or a dowel hole, which usually has
been drilled into the component part in which the dowel is to
be inserted for connecting that component to another simi-
larly configured component. The dowel receiving cavity can
also have other cross-sectional shapes, such as triangular,
rectangular and hexagonal cross-sections and all configura-
tions are embraced by such terms as the bore, dowel receiving
cavity, female member or dowel hole. The dowel receiving
cavity may extend completely through the component part, in
which case it comprises a hole having a side wall (curvilinear)
or side walls (non-curvilinear) and no end wall. Alternatively,
the dowel receiving cavity will extend only partly into the
depth ofthe component part, in which case it comprises a hole
having both a side wall (curvilinear) or side walls (non-cur-
vilinear) and an end wall. In this case, the dowel may be sized
and configured so that one end of the dowel mates with the
end wall of the dowel receiving cavity. Thus, the dowel (male
member) and the dowel receiving cavity (female member)
usually are complimentary configured and dimensioned so
that there is substantial frictional contact between them over
the interfacial area of contact, which interfacial area is
defined by between the sidewall (and possible end wall) of the
dowel receiving cavity and the outer surface of the dowel.

Referring to the FIGS. 1 and 2 of the drawings, an
improved dowel is shown which is adapted for insertion into
aligned bores of two components, such as two pieces of wood,
which are to be connected to each other. As illustrated in these
Figures, the dowel 10 comprises a cylindrical piece of wood
1 (though it is to be understood that the invention is not
so-limited) having an outer/external surface 3 and first and
second ends 4 and 5. As shown in FIG. 2, the outer/external
surface 3 of the dowel 10 has circumferentially-spaced, lon-
gitudinally extending grooves or flutes 7. The outer/external
surface 3 of the dowel 10 also has a coating 16 of a heat
activated, B-staged formaldehyde-based resin, such as a
B-staged phenol-formaldehyde resin, covering the external/
outer surface 3 of the dowel 10.

The heat activated, B-staged resin has been applied in a
substantially uniform coating 16 on the external/outer surface
3 of the dowel 10.

FIG. 4 illustrates using the dowel 10 to join component
parts. In FIG. 4, the dowel 10 is shown as already having been
attached to and extending from component part 14. Dowel 10
is dimensioned to make a firm fit in a tubular hole (dowel
receiving cavity) 12 extending into the central portion of the
adjoining component part 6. Before inserting the dowel 10
into the dowel receiving cavity 12, steam is introduced, such
as by direct injection, into the cavity 12 of component part 6
to heat and moisten the surface of the cavity 12. The surface
of'the cavity 12 is sufficiently heated and moistened such that
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when the dowel 10 is inserted into the cavity 12, the residual
heat initiates curing of the B-staged resin on the surface of
dowel 10 and causes the resin to harden and form an adhesive
bond between the mating surfaces of the cavity 12 and the
dowel 10.

Formaldehyde-based binder resins suitable for coating the
dowel surface and B-staging are available as aqueous solu-
tions and dispersions (e.g., latex), and typically include phe-
nol-formaldehyde (resole) resins, furfural (furfural alcohol)-
formaldehyde resins, melamine-formaldehyde resins,
phenol-melamine-formaldehyde resins and other similar res-
ins.

One process for making a B-stageable phenol-formalde-
hyde resin suitable for use in connection with this invention
involves reaction of phenol and formaldehyde in an aqueous
medium on the basis of about one mole of phenol for each
approximately 1.8 to 2.4 moles of formaldehyde, in the pres-
ence of a basic catalyst. The formaldehyde is conveniently
added as an aqueous solution containing from about 30% to
50% by weight of formaldehyde. The temperatures of the
condensation reaction of the formaldehyde with phenol can
include those of about from 40° C. to 100° C. An alkaline pH,
particularly a relatively high pH such as about 9 to 10.5 and
usually a pH of about 9.3 to 10 is employed. The relatively
high pH serves to drive the condensation reaction to low
levels of free formaldehyde, i.e. uncombined formaldehyde.
The condensation reaction is generally indicated by a
decrease in the concentrations of formaldehyde and of phenol
in the reaction mixture and an increase in the viscosity of the
resin.

The resulting aqueous, alkaline resole resin usually is
water soluble by virtue of containing large quantities of
methylolated phenol residues and generally contains from
about 35% to 65% by weight solids, often about 40 to 60%
and particularly 45 to 55% by weight solids. Typically, the
amount of water in the resin will vary from about 35%t0 65%,
usually 40% to 60% and particularly 45% to 55%. The resin
solids will make up about 90% to about 95% of the total solids
content in the resin. The amount of solids is assessed by
standard industry methods, for example the standard oven
solids test. B-stagable resins of this invention are referred to
as aqueous in view of the use of water as solvent for the solids
therein.

Typically, the amount of basic catalyst used in preparing
the formaldehyde-based resin, and particularly the phenol-
formaldehyde resole resins, varies from about 0.01 to about 1
mole of catalyst for each mole of phenol and usually from
about 0.1 to 0.7 moles of the alkaline catalyst per mole of
phenol.

Tlustrative of the catalyst there can be mentioned oxides
and hydroxides of alkali metals, alkaline earth metals, tertiary
amines and mixtures thereof. Usually the catalyst includes
sodium hydroxide, potassium hydroxide or triethylamine.

To B-stage, i.e., dry and partially cure such resins, very
little, or generally no, cure catalyst is added to the aqueous
resin composition used to coat the dowel. The resin can be
dried and B-staged at a temperature between 300 and 350° F.
(149-177° C.) for a short period of time, e.g., 5 seconds to 2
minutes. Longer times at lower temperatures also can be used,
though a temperature at least above about 230° F. (110° C.) is
desirable.

Again, suitable phenol-formaldehyde resins for B-staging
usually are supplied as an aqueous composition often con-
taining from 10 to 60% by weight solids.

A particularly useful phenol-formaldehyde resole resin can
be prepared by reacting substantially the full complement of
phenol with two or more and usually three additions of form-
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6

aldehyde and alkaline catalyst (e.g., sodium hydroxide). The
resin is prepared at a formaldehyde to phenol (F:P) mole ratio
of' between 1.8 and 2.4 using 0.1 to 0.7 moles of the alkaline
catalyst per mole of phenol

In particular, to substantially the full quantity of phenol,
one first introduces between 15 and 25% by weight of the full
complement of formaldehyde to be used and then the reaction
is initiated by added between 20 and 30% by weight of the full
complement of the alkaline catalyst to be used. The reaction
is allowed to progress at a temperature of 75-90° C. and held
at that temperature for between 15 and 30 minutes. Then, a
second amount of formaldehyde is added (between 30 and
40% by weight of the full complement of formaldehyde to be
used) over a period of about 10 to 20 minutes. The reaction is
allowed to exotherm to a higher temperature approaching
100° C., is held at that temperature for a period of 30 to 50
minutes and then is gradually cooled over about 10 to 20
minutes to a temperature of 75-90° C. This processing is then
followed by a second amount of catalyst (between 20 and
30% by weight of the full complement of the alkaline catalyst
to be used), which in turn is followed by the third charge of
formaldehyde. The remaining formaldehyde (between 40 and
50% by weight of the full complement of formaldehyde to be
used) is added over a period of about 15 to 25 minutes and the
reaction is again allowed to exotherm over a period of 5 to 15
minutes to a higher temperature approaching 100° C. and held
at the higher temperature for an additional period of 5 to 15
minutes.

The reaction mixture then can be cooled, a formaldehyde
scavenger, such as urea, can be added; followed by the final
charge of the alkaline catalyst. Usually, between about 40 and
50% by weight of the full complement of catalyst to be used
is added. The reaction mixture then is advanced to a desired
viscosity, usually a Gardner-Holdt viscosity of W to X and
additional water may also be added to adjust the solids con-
tent as desired to about 45% by weight.

An aqueous formaldehyde-based resin suitable for B-stag-
ing can be applied to the external/outer surface 16 of the
dowel 10 by any method known and used in the art of apply-
ing a thin (and in some embodiments uniform i.e., substan-
tially evenly distributed) coating of liquid material to an item.
Such coating methods broadly include dipping, spraying,
painting, roll coating, padding and other coating techniques.

One suitable coating technique is to mix a plurality of
dowels with an aqueous formaldehyde-based resin suitable
for B-staging in a tumbling mixer, similar in configuration to
acement mixer, which is fitted for external or internal heating,
possibly with air circulation, to achieve suitable drying and
B-staging of the aqueous formaldehyde resin as the dowels
are agitated. In this way, dowels are formed with a thin,
uniform coating of the heat activated, B-staged formalde-
hyde-based resin adhesive over the external/outer surface of
the dowel that is intended to mate with the interface area of the
related dowel receiving cavity.

In accordance with the present invention, the heat acti-
vated, B-staged formaldehyde-based resin-pre-coated dow-
els are inserted into dowel receiving bores in the component
parts, such as two pieces of wood, that are to be secured
together. The method of using the resin pre-coated dowels
comprises first introducing steam, including superheated
steam, into the bores, to moisten and pre-heat the surface of
the bore. The steam can be introduced into the bore by placing
the component part into an atmosphere of steam or usually by
directly injecting steam into the bore. Thereafter, before
excessive cooling occurs, the resin pre-coated dowels are
inserted into the heated and moistened bores. The heat acti-
vated, B-staged formaldehyde-based resin coating on the
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external/outer surface of the dowel is activated by the heat and
residual moisture in the bores to initiate curing and then
firmly and uniformly adhere the dowel to the internal surface
of the bore as the resin hardens during cure.

A strong adhesive bond is achieved without the complica-
tions arising from prior art methods in which the adhesive is
injected into the bores prior to the insertion of the dowels in
the bores.

The dowels of the present invention are easily and inex-
pensively made by forming a dowel of any convenient shape
and applying a coating of an aqueous formaldehyde-based
resin, such as a phenol-formaldehyde (resole) resin suitable
for B-staging on the external/outer surface of the dowel.

It will be understood that while the invention has been
described in conjunction with specific embodiments thereof,
the foregoing description and examples are intended to illus-
trate, but not limit the scope of the invention.

EXAMPLES
Example 1
B-Stagable Phenol-Formaldehyde Resin

A suitable, thermosetting, B-stagable phenol-formalde-
hyde resin can be synthesized at a formaldehyde to phenol
(E/P) mole ratio of about 2.1 as follows.

To a suitable reactor equipped with an agitator, heating/
cooling coils and a vacuum system, 23.7 parts by weight
phenol are added, followed by 6 parts by weight of'a 50% by
weight solution of formaldehyde and 14.6 parts by weight
water. A small amount of a defoamer also may be added to the
reaction mixture and then the temperature is adjusted to 45°
C. With continued agitation, the condensation reaction is then
initiated by the addition of a 50% by weight solution of
caustic (sodium hydroxide) to the reaction mixture. In par-
ticular, 3.1 parts by weight of the 50% by weight solution of
caustic are added gradually over 20 minutes and the reaction
mixture is allowed to exotherm to 81° C. At this point, an
additional 12.1 parts by weight of a 50% by weight solution of
formaldehyde are added over 15 minutes while allowing the
reaction mixture to exotherm further to 97° C. The reaction is
then held at that temperature for an additional 40 minutes and
thereafter cooled to 81° C. gradually over 10 minutes. Then,
an additional 2.9 parts by weight of a 50% by weight solution
of caustic (sodium hydroxide) are added to the reaction mix-
ture over a 5 minute period while the temperature is main-
tained at 81° C. and thereafter another 13.6 parts by weight of
a 50% by weight solution of formaldehyde are added over an
additional 20 minutes while the temperature is still main-
tained at 81° C. Following these additions of caustic and
formaldehyde, the reaction mixture is allowed to exotherm to
92° C. over 10 minutes and then held at 92° C. for 10 addi-
tional minutes. The reaction mixture is cooled to 85° C. and 5
parts by weight urea (as a formaldehyde scavenger) are
added, followed by the addition of 7.5 parts by weight water.
Once the reaction mixture, still at a temperature of 85° C., has
advanced to a Gardner-Holdt viscosity of a TU to U, an
additional 5 parts by weight of a 50% by weight solution of
caustic (sodium hydroxide) is added to the reaction mixture
over 11 minutes. While closely monitoring the viscosity of
the reaction mixture, the viscosity is advanced to a Gardner-
Holdt viscosity of a W to WX and then the reaction mixture is
cooled to 56° C., using a combination of vacuum and cooling
coils. The reaction mixture has a target solids concentration of
43% by weight.
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Example 2

Strength of Dowel Joints

Holes were drilled into wooden blocks (2 inchesx2 inches)
to form identically sized dowel receiving cavities. Dowels
having the same size and shape were obtained, half of which
were provided with a thin coating of a B-staged phenol-
formaldehyde resin of the type described in Example 1. Inone
set of tests (dowel), uncoated dowels were inserted into the
dowel receiving cavities. In a second set of tests (steamed
dowel), the dowel receiving cavities were first steamed before
inserting the uncoated dowels. In a third set of tests (glued),
the B-staged phenol-formaldehyde resin-coated dowels were
inserted into the dowel receiving cavities. In a fourth and final
set of tests (glued+steamed), the dowel receiving cavities
were first steamed before inserting the B-staged phenol-form-
aldehyde resin-coated dowels into the dowel receiving cavi-
ties. The dowels all were inserted in a similar manner using a
cold press.

Thereafter, the blocks with the connected dowels were
mounted onto an Instron Testing machine and the load
required for pulling the dowel from each wooden block was
measured. FIG. 3 illustrates the results of the testing. As
shown, the method of the present invention provided the
strongest connection.

The present invention discloses.

In a further embodiment, the present invention is:

An adhesive coated dowel comprising a dowel substrate
having an outer surface and first and second ends wherein the
outer surface of the dowel substrate is coated with a B-staged
formaldehyde-based resin.

A method for connecting an adhesive coated dowel to a
component part comprising the steps of:

(A) providing a dowel having an outer surface and first and
second ends, the dowel having a coating of a B-staged
formaldehyde-based resin on the outer surface;

(B) providing a component having an opening configured
to receive the first end of the dowel so that a surface of
the opening contacts a portion of the coated outer surface
of the dowel,

(C) introducing steam into the opening of the component to
heat and dampen the surface of the opening;

(D) inserting the first end of the dowel into the heated and
dampened opening in the component to initiate curing of
the B-staged formaldehyde-based resin and cause the
resin to harden and form an adhesive bond between the
surface of the opening and the portion ofthe coated outer
surface of the dowel.

A method for connecting component parts together with an

adhesive coated dowel comprising the steps of:

(A) providing a dowel having an outer surface and first and
second ends, the dowel having a coating of a B-staged
formaldehyde-based resin on the outer surface;

(B) providing a first component part having a first opening
configured to receive the first end of the dowel so that a
surface of the first opening contacts a first portion of the
coated outer surface of the dowel;

(C) providing a second component part having a second
opening configured to receive the second end of the
dowel so that a surface of the second opening contacts a
second portion of the coated outer surface of the dowel;

(D) introducing steam into the first opening of the first
component part to heat and dampen the surface of the
first opening;
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(E) introducing steam into the second opening of the sec-
ond component part to heat and dampen the surface of
the second opening;

(F) inserting the first end of the dowel into the heated and
dampened first opening in the first component part to
initiate curing of the B-staged formaldehyde-based resin
and cause the resin to harden and form an adhesive bond
between the surface of the first opening and the first
portion of the coated outer surface of the dowel; and

(G) inserting the second end of the dowel into the heated
and dampened second opening in the second component
part to initiate curing of the B-staged formaldehyde-
based resin and cause the resin to harden and form an
adhesive bond between the surface of the second open-
ing and the second portion of the coated outer surface of
the dowel.

A phenol-formaldehyde resole resin prepared by reacting
substantially a full complement of phenol with two or more
additions of a full complement of formaldehyde and two or
more additions of a full complement of alkaline catalyst;
wherein the resole resin is prepared at a formaldehyde to
phenol (F:P) mole ratio of between 1.8 and 2.4 using 0.1 t0 0.7
moles of the alkaline catalyst per mole of phenol.

The adhesive coated dowel according to any of the previ-
ous paragraphs, wherein the B-staged formaldehyde-based
resin is a B-staged phenol-formaldehyde resin

The phenol-formaldehyde resole resin according to any of
the previous paragraphs, wherein a first amount of formalde-
hyde comprises between 15 and 25% by weight of the full
complement of formaldehyde to be used a first amount of
alkaline catalyst comprises between 20 and 30% by weight of
the full complement of the alkaline catalyst to be used.

The phenol-formaldehyde resole resin according to any of
the previous paragraphs, wherein a second amount of form-
aldehyde comprises between 30 and 40% by weight of the full
complement of formaldehyde to be used and a second amount
of alkaline catalyst comprises between 20 and 30% by weight
of the full complement of the alkaline catalyst to be used.

The phenol-formaldehyde resole resin according to any of
the previous paragraphs, wherein a third amount of formal-
dehyde and a third amount of catalyst is added.

The phenol-formaldehyde resole resin according to any of
the previous paragraphs, wherein after the addition of the first
amount of alkaline catalyst, the reaction is allowed to
progress at a temperature of 75-90° C. for between 15 and 30
minutes.

The phenol-formaldehyde resole resin according to any of
the previous paragraphs, wherein after the second amount of
formaldehyde is added the reaction is allowed to exotherm to
a higher temperature approaching 100° C. and, is held at that
temperature for a period of 30 to 50 minutes and then gradu-
ally cooled over about 10 to 20 minutes to a temperature of
75-90° C.

The phenol-formaldehyde resole resin according to any of
the previous paragraphs, wherein the second amount of cata-
lyst and the third amount of formaldehyde is added and the
reaction is again allowed to exotherm to a higher temperature
approaching 100° C.

The present invention has been described with reference to
specific embodiments. However, this application is intended
to cover those changes and substitutions that may be made by
those skilled in the art without departing from the spirit and
the scope of the invention. Unless otherwise specifically indi-
cated, all percentages are by weight. Throughout the specifi-
cation and in the claims the term “about” is intended to
encompass + or —5% and typically the variation is only about
+ or —2%.
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We claim:

1. An adhesive coated dowel, comprising:

a dowel substrate having an outer surface, a first end, and a
second end, wherein the dowel substrate has a length of
about 0.5 inches to about 3 inches and circumferentially-
spaced, longitudinally extending flutes disposed therein
between the first end and the second end; and

a B-staged formaldehyde-based resin coated on the outer
surface of the dowel substrate, wherein the B-staged
formaldehyde-based resin is a thermosetting resin, and
wherein the B-staged formaldehyde-based resin was
produced from a formaldehyde-based resin heated to a
temperature of greater than 110° C. and to about 177° C.

2. The adhesive coated dowel of claim 1, wherein the
B-staged formaldehyde-based resin comprises a B-staged
phenol-formaldehyde resin.

3. The adhesive coated dowel of claim 2, wherein the
B-staged phenol-formaldehyde resin was prepared with a
formaldehyde to phenol (F:P) molar ratio of about 1.8 to
about 2.4.

4. The adhesive coated dowel of claim 2, wherein the
B-staged phenol-formaldehyde resin was prepared with
about 0.01 mol to about 1 mol of an alkaline catalyst per mol
of phenol.

5. The adhesive coated dowel of claim 4, wherein the
alkaline catalyst comprised an alkali metal hydroxide, an
alkaline earth metal hydroxide, a tertiary amine, or any mix-
ture thereof.

6. The adhesive coated dowel of claim 2, wherein the
B-staged phenol-formaldehyde resin was prepared with
about 0.1 mol to about 0.7 mol of an alkaline catalyst per mol
of phenol, and wherein the alkaline catalyst comprised
sodium hydroxide, potassium hydroxide, trimethylamine, or
any mixture thereof.

7. The adhesive coated dowel of claim 1, wherein the dowel
substrate is fabricated from wood.

8. The adhesive coated dowel of claim 1, wherein the dowel
substrate is fabricated from plastic or metal.

9. The adhesive coated dowel of claim 1, wherein the
B-staged formaldehyde-based resin comprises a furfural-
formaldehyde resin.

10. The adhesive coated dowel of claim 1, wherein the
B-staged formaldehyde-based resin comprises a melamine-
formaldehyde resin.

11. The adhesive coated dowel of claim 1, wherein the
B-staged formaldehyde-based resin comprises a phenol-
melamine-formaldehyde resin.

12. The adhesive coated dowel of claim 1, wherein the
formaldehyde-based resin was heated to a temperature of
about 149° C. to about 177° C. for a time period of about 5
seconds to about 2 minutes to produce the B-staged formal-
dehyde-based resin.

13. An adhesive coated dowel, comprising:

a dowel substrate having an outer surface and a first end

opposite a second end, wherein the dowel substrate has
a length of about 0.5 inches to about 3 inches, and
wherein the dowel substrate has circumferentially-
spaced, longitudinally extending flutes; and

a B-staged formaldehyde-based resin coated on the outer
surface of the dowel substrate, wherein the B-staged
formaldehyde-based resin comprises a phenol-formal-
dehyde resin, a furfural-formaldehyde resin, a
melamine-formaldehyde resin, a phenol-melamine-
formaldehyde resin, or any mixture thereof.

14. The adhesive coated dowel of claim 13, wherein the

dowel substrate is fabricated from wood.
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15. The adhesive coated dowel of claim 13, wherein the
dowel substrate is fabricated from plastic or metal.

16. The adhesive coated dowel of claim 13, wherein the
B-staged formaldehyde-based resin comprises a B-staged
phenol-formaldehyde resin, and wherein the B-staged phe-
nol-formaldehyde resin was prepared with a formaldehyde to
phenol (F:P) molar ratio of about 1.8 to about 2.4.

17. The adhesive coated dowel of claim 13, wherein the
B-staged formaldehyde-based resin was prepared with an
alkaline catalyst, wherein the alkaline catalyst comprised an
alkali metal hydroxide, an alkaline earth metal hydroxide, a
tertiary amine, or any mixture thereof.

18. The adhesive coated dowel of claim 17, wherein the
alkaline catalyst comprised sodium hydroxide, potassium
hydroxide, trimethylamine, or any mixture thereof.

19. The adhesive coated dowel of claim 13, wherein the
dowel substrate is fabricated from wood, and wherein the
B-staged formaldehyde-based resin was produced from a
formaldehyde-based resin heated to a temperature of about
149° C. to about 177° C. for a time period of about 5 seconds
to about 2 minutes.

20. An adhesive coated dowel, comprising:

a dowel substrate having an outer surface and a first end

opposite a second end, wherein the dowel substrate has
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a length of about 0.5 inches to about 3 inches, wherein

the dowel substrate is fabricated from wood, and

wherein the dowel substrate has circumferentially-

spaced, longitudinally extending flutes disposed therein

and between the first end and the second end; and

a B-staged phenol-formaldehyde-based resin coated on the

outer surface of the dowel substrate, wherein:

the B-staged formaldehyde-based resin is dried and at
least partially cured,

the B-staged phenol-formaldehyde resin was prepared
with a formaldehyde to phenol (F:P) molar ratio of
about 1.8 to about 2.4,

the B-staged formaldehyde-based resin was produced
from a formaldehyde-based resin heated at a tempera-
ture of greater than 110° C. and to about 177° C.,

the B-staged phenol-formaldehyde resin was prepared
with about 0.1 mol to about 0.7 mol of an alkaline
catalyst per mol of phenol,

the B-staged formaldehyde-based resin is a thermoset-
ting resin, and

the alkaline catalyst comprised an alkali metal hydrox-
ide, an alkaline earth metal hydroxide, a tertiary
amine, or any mixture thereof.

#* #* #* #* #*



